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I ntroduction

Thecombinatiorof ultrafastlaserswith x-raysholdsgreat
promisein the studyof ultrafastphenomenanda num-
ber of representatie experimentshave beendonein re-
centyears. Here, a laserpump, x-ray-probeexperiment
on GaAsis described.Furtherdevelopmentof the tech-
niquecould eventuallyleadto a powerful spectroscop of
thebandstructurandcarrierdynamicsin semiconductors
wherethe core level of the x-ray transitionis an abso-
lute enepgy reference. Otherthanin absorptionand lu-
minescencespectroscopwith only visible-light photons,
theinformationobtaineds directandnot corvolutedover
all pairsof stateswith agivenenegy difference.

M ethods and M aterials

In the presenexperiment1, 2], conductedt station71D-
D of MHATT-CAT, x-raysweremonochromatizetb match
atransitionfrom the GaK level to the valencebandof a
GaAssampleandpulsesof frequeng-tripledlight from a
1 kHz Ti:sapphirdaserwerefocusedontothesample(see
fig. 1). Thephotonenegy of 4.6eV correspondo anab-
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Figurel: A schematicof the setupwith x-ray monodro-
mator channelcut (seetext), focusingens,harmonicsup-
pressingmirror, andfemtoseconthsersystem.

sorptionmaximumin GaAsdueto parallelbrancheén the
valenceandconductiorbands.Beingjust shortof the Ga
K absorptioredge the x-rayssuffer little absorptionand
thereis only asmallGaK,, fluorescencgield dueto the
tail of the lifetime-broadened corelevel. Whenstates

in the valencebandare vacatedby laserinducedtrans-
fer of electrongo the conductionband,the GaK absorp-
tion crosssectiongoesup andthe GaK, fluorescencén-
creasesccordingly Thex-raysdothusprobethevalence
holesasthey arecreatedandrelaxto thedirectbandgap,
until they areeliminatedby recombinationThisis shovn
schematicallyn fig. 2.
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Figure2: Bandstructule of GaAsand core levelsof Ga,
with x-raysprobinglaservacatedvalencestates.

The x-ray monochromatomvas calibratedby plotting
theGakK,, fluorescencgield withoutlaserexcitationover
the x-ray enepy (seefig. 3), with the dotsrepresenting
simplemonochromatoscan andthesolid line shaving a
slightincreasen contrasdueto anadditionalchannekut
Si crystalin the beampath. The remainingwidth of the



curve is mainly dueto the K corehole lifetime broaden-
ing. Two enegiesonthelowerendof theabsorptioredge,
indicatedby verticallinesin fig. 3, werethenselectedand
the GaK,, yield from thex-ray buncheghatthelaserwas
timedto, normalizedby theyield from the otherbunches,
was measuredn scansof the lasertiming relative to the
x-raysover £300ps.

Results

Theresultsshavnin figs. 4 and5, indicateanincreasef
the normalizedGa K, fluorescencefollowing the laser
excitationandpersistingor ca.250ps. Thistimeis much
longerthanthe relaxationtimes of the photoexcited car
rierestowardsthe directbandgap,andis consistentvith
the recombinatiortime in GaAs. Theresultscanthus
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Figure3: Enelgy calibrationwith theGaK,, fluorescence
Crosses:usingonly the main monodromator solid line:

with main monodromator and channelcut (seefig. 1).

The vertical lines indicate the enegies chosenfor the
measuement(seefigs.4 and5).
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Figure4: NormalizedGaK, fluorescenceield overlaser
timing at an incidentenegy of 10.367leV (left vertical
linein fig. 3). Poissonstatisticsare indicatedsummarily
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Figure5: NormalizedGaK, fluorescencegield overlaser
timing at an incidentenegy of 10.367leV (right vertical
line in fig. 3). Poissonstatisticsare indicatedsummarily

be explainedasanincreasdan the GaK absorptioncross
sectiondueto lasercreatecholesaccumulatingat thetop
of thevalenceband.

Discussion

To improve theenegy resolutionbeyondthelimits of the
K shell lifetime broadening,an analyzercrystal for the
fluorescentx-rays could be used. It would thenbecome
possibleto resole stateswithin the band structureand
follow theconcentratiorof valenceholeduringrelaxation
after photoecitation. Besidesthe spectroscopiapplica-
tion, the principle of this experimentcould alsobe used
for ultrafastlaser x-ray correlation[3]. Thetime resolu-
tion would be givenby thetime constant®f holecreation
(down to a few femtosecondsandrelaxation(ca. 100fs

with intra-bandrelaxationof deepvalencestates).
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